
EudqetxandtheExtentofNoncm@iance 

Thenrmi~probab~ityjustdefined, 

i.dentid .wurces,wmldpwideanincmtive 

iffacedbyevq?meofN 

forev~scxrrce toczbooseto 

CamplY. Eutactual~wouldftithefractiann%a inviolationin 
. everyperiaL EqaMuq theabsePPedfractimbyt2e~sanplefractio~impli~, 

nat surpdsingly, that ax loo perr=errt of the souzescauldbe~to 

appmroutofoo@iameifallsouroesweredtoredkragiven~~. 

m!e&llarsspentanmmit&ngthefzlctianmof~- muldbe 

gives 

Butsuppose,assee?ns- le, that the available budget for 

nmnitorirqwuldnutsqprttbismu&efforLHoware~atbinable 

I3zacti~Of soumesincmplianceardtheh+etxequhMfarthatattaimmt 

related? 

*, 

V (r < 

abservetbat~agencycamotpzce&Fnasi~timoflbited 

m)toannomceanrnib.rirqprubabilityrapplyirqtoallsources, 

saxrcesoutofcm@anceinapericdonbeinferredintwoparts: 

-tbc5e .somcesthatdonot~tobelMni.~ 

-tbosesources thatarelmni-dare ~tobefacadoutof 

callIp-. 

~theexpct&fBctionofsourcS inviolationasE, weobtain: 
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E= 
N-N,, N.p 

N N 
N.r 

N-M 
N.r.a 

M ss 
N + N 

= l- ++'" 
M 

or E = 1 - (l- a$ 

Ths,ifrisfixe3,miscisthesmallestfractianof~ 

expecbd to be in violation. 

Ontheotherhad,itmaybeofinbzesttodetzxbewfiat 

bere&sedtopzducean 

is given by: r 3 (l-qa 
(1-a) 

thatcanbe 

budget-d 

for 1 ,>~>a> o.6 
ar 

Noteforfuturereferencethat r=*<o. 

matis,therequiredwdgetdeclinesastheE!c&me&onthefcactianof . 

saun=es inviolation is re3.e5 Illustrative values ofreqiredbudgek3 

table 2. 
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0.2 1.2 0.05 ,493 

0.2 3.2 0.05 .263 

0.1 1.2 0.05 .554 

0.1 3.2 0.05 .296 

0.2 1.2 0.01 ,372 

0.2 3.2 0.01 .396 

0.1 1.2 0.01 .418 

0.1 3.2 0.01 .2io 
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T!bseappma&StotheaStmctionofmk..andenfarcenrerrt 

systemsbaveatkacted atterrkionbecausetbey~toallcwtheattabmmt 

ofgivenlevelsofccmrpl~~~the~atiansinquestianus~lower 

levelsofsperdingbytheauthorities. Systmsclaselyakintorepeatedgames 

with grouping of regulateee are fouM inpractice aswell. For example, the 

US.ltTterndl ReverareSerriceiswidelybelievedtousedata~pastaudits 

todefinetheprobabilityofa axrentyearaudi~ Ardnewrqulationsained 

at conbmllkqgruuMwa~pollution (Fartuna aTld Irtnnettt1987) effectively 

gmupla&fillaperatiansfor curmtnrmitoringpurposes cmthebasisofpast 

dete&ionofpmblenr;. 

A~~~~~~maycarnreniezrtlybethcughtofasamarkov 

pr0xssinwhi~thestatesaregruupsamnqwbi~theregulatedpartiesnmve 
I auzonbqtOtheresultsofpartia~Iarplaysofthe -game- 

pmbabilitiesoftmnsitiandepedontlxe freqenqwithwhi&thesgulated 

partiesarenmnitomdwheninead~gruup. DiscweryofaviolatianwfiMinone 

gmupnsiLtsinzBss~ofthepartyto -groupwi~diff~ 

dtoring pmbability. In~ssystemsthereare#reegroupso Being 

~inviola~~~ein~lresultsinreassignmerrt.togroup2~a 

subsequentviolatianingroup2wcolldresultFnreassignmerrtinperpetuityto 

gmup3,inwhichaudith3is- m=Yy==f== incometaxsystem)ard 

w ApartymanitmdardfeRPldticm@ancein~2,however,is 

-togrolq,1, Gm&eryshmsmatin~-oferrors in-audit, 

ami~thepartiesdonot--COStS,al1partiesin~2will 

wnplyardnopar&willeverke assignedtogxcup3. Hani~pmbabilities 

inthefirst~~onbe~lfractiansOfthelev~Snecessaryto 

skimlate complianceinasi&eplaygam~situatiom Allpartiesingrocq,I 

will find it optimal to violatekecause oftheiz secud dance ingmcq, 2. 
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3hmearesevexalwaystoixrbqmtsuchsysteucIfoneviewsthe 

regula~partiesas~lya~toccmrply,~~issimplyaway 

Of~tiJ33sesaurceS anthoseleastcapdleof l5naessfully doing so. 

Analternative, wherecompliance&oiceistake.ntabeanopenqestion, isto 

see~variatianofnmritorirqprobabilityanthebasisofpastrecordasan 

integzationofthetwoelementsofttieexpecbdmskofmwuaql~-size 

offineandpmbabtiityofitsewctica InMssenseitcorrespardsto 

enformnentappma&esinvolhqhigherfinesformpeatedoffenses. 

Cnemyalso ~~tsuchextensi~ofs~le-play~o~games 

as involving the added elmwt of threat: If you don't do as I say you 

shmld,Iwill mderbkeacuuzseofactionneitherofusreallywarrts- 

muPaY-= frequerrtlyforsuchaloxqtimthatyuuwillfacea 

crwal~"hel%s'~Iwillhave~~a~iderablesumanycur 

cmpl~alane. Ebaveina reasaMblefashianaru9IwilloffeP oazasional 

~tiestorelaxmtherepmtedgameappma&of~,for 
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Assumforanmmenttbat Gmebxy'szsultshold, sothatevqsuuxe 

ingmup2hastheincentivetocamply. ButnoneincJ3mup1do. m3lcJm.q 

3lxdnsqifno souxeisassignedtoitinthebgiming,~ard 

lxmsiti~pmbability 

pmbabilityingroq2 

probabilitygmuplbe 

. m a w=w Play fame m nuveIBntOf~ v- 

1ard2thatisca@Iredbyasimplemarkov plmcastiththe follming 

txansition matrix (where Gi sbrds for gmup i):' 

GI G2 

% l-(E,P) Z(C.P) 

52 P l--P 

It is easyto solve fartheskationaryprobabil.ities I$,& s,whi& 

canbebtzpmbdasthe&actionsof -somcesin-'cwo~inthel~ 

73Zl: 
% = 

P 
PfZ(ErP) 

*2 = 
Z(4 .PJ 

P + z( E , P ) 

e=r T‘here~isthe~upperlimitoxz.the noru=rcmplianoe fraction 

m: c, P 
PfZ(&,P) 

ccZ(E,P) =P( L-1) . -_ 

E: 

Toguaranteez~l~wemusthave p&y buttoguaranteez<msothatin 

fa&theincentiveisnottoamplyingrcupl,itis~that 
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is: N'2~(1-e)'M 
N’M 

= 2p(l-E)= r. 

What,then,istherelatianbetween ttlebudgetfrastians 

single play adinultipleplaygams in the abenceoferror? 

mzqumiin 

Above, the 

errorless single-playbu3get fkxthn, rq, was fourxitobe (I--~:)m(foubmte 

5). Callingthenultiple-playbudgetfractionr+ itis-Wtz 

display rardom error (orifthepartiescanmtcmkolthcIifmnactions 

perfectly but =Y mndmlyviolateregulatiansinspiteof hbdingnotto) 

ulerewillagainbeprababiliti~~ofmiss~actualat&rrptstoeMdethe 

regufations aMof inwrndly i&&iQkqviolations by sources in or 
. atteqtmgtobeincrrmpliance. Them3jorhplicatian ofthisbange in 

Eism@i~tilbethatgrolq,3canmlon3epbe~ tobeemptyevenif 
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theincerrtivetocclanplyexisbingxup2. Irdeed,~3tilbe~ 

absorbingstateifitistreat&asaperpetualptrnistrmerrtforthoseo~in 

violation in group 2. Evmly, becuase of falsepitiv=, all parties 

~dbeingrolq,3,ard~budget~wauldbe1ifallsourcesin 

gmq3areauditedevayerid., 

Themajoralteratiantotherepeatedgamestructurerequkedto 

accumdatethese errols of infw is the hbmdmAianofsomepssibility 

ofescap=fmmgmq3.EuttolinkSapeto successfulpassiqofa 

mnitoriqvisit,whileprhapsinitiallytemptbg, isdangerous. Consider, 

for~le,adesigninwhichapartyingmtrp3is~~~each~i~ 

IfsuccessFnamonitmringvisitledtoreleasebadkto~t,tt.lerelease 

~ity~dbeI-a,,=cris~~ityoffalsely~ 

aviolatbnwhenmaplianceisocmzizq 723eaveragetimespntingmq?3by 

apartymuldbe l/(1 -a)- Itwiube,sbmbelowthatfor zasmablevalues 

ebt2Leatt!er ~,~escapeFeobabilitymustbe~less~l-a. 

~~~~probabili~ofescapesficruldbetailaredto~~l~ 

ingmup2,given.thaerrarstructure and the size of the fine levied for 

discoveredviolatians. Therefoz,wewri.~the~itionmatrixfora 

repeated~,ti~~groupsarwiaudit-as: 

=l 62 =3 

=l l-2(.)(1 -6 ) z(.) (L-3 1 0 

=2 PG -a 1 l- P pa 

=3 0 E 1-E 

~,as~~,~isfixedar33itrarilywithinanupperlimit,ardz(.)will 

bechosento~ pmc,~fractionof sources inviolation, andwillbe 

a functionof E,P,u,Q, aswell as E, Inwhat follows, p is taken to equaLm/k, 

15 
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witikanar33itraryamsbn-L ~isthepmbabilityofafalsepsitiveard 6 

ti pmbbility of a false negative, as above. 

Inthissettiqitistediousbutstmi@tfomardtoderivethefollwirq 

?ZSikS: 
W 

w 

z(*) = ED Cl-=) (1-e) 
c (l-6) (&a> in order that II 1 = E 

Thea. II2 = ;p--$ and 

*3 = 
a0 (1-c 1 

E-C pa 

Itispossibleto~vean~limitfarE,callitEI,~tassuresa 

smrcewillhavetheincentivetoccmrplyingmup2, Tbisderivatianmaybe 

mtivatedbydisplayizqthedecision~facingasource in group 2: 



urce 
oice 

roup 2 

3 

2 

3 

2 

0 

C + Fa 

er 

0 

0 

C + Fa 

% 

0 

EI:< 
p (lffa) (1-6-a) 

l*.(fa-(l+)(l+fl) 

ceolsjstent~uesofp ,f,a,B,amiE areusedintable3toderive 

values of+ 1tEayseem mmterFrrtuitivethatasfinesgrw relativeto 

avoidablecostsoeccmrq?liance,the~limitanErfalls(thetimesperrt~ 

gmup3gzcws). ?Ihis-because asfh!!?sare-,mard~,P, 

thenmnitmingpmbabilityfargroup2b&hfalL mislzedEesttle~of 
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TABLE 3: CHARACTERISTICS OF THE REPEATED-PLAY MONITORING GAME, 

INCLUDING RELATIVE BUDGET SIZE, AS FUNCTIONS OF BASIC PARAMETERS 

Escape Size of Size of Multiple Single Budget 

Required fraction Relative Type I Type II K probability group 2 group 3 play Play ratio 

in non-compliance fine errOr error (p= ?# from group 3 budget 
(E= ~1) (f) (a) (6) (E1) 

budget 
(112) (n3) (rmp) (r~~ (rsp/rmp) 

0.2 

0,2 

1*2 

3.2 

0.05 

0,05 

0,05 

0.05 

0,01 

O*O1 

O*O1 

0.01 

0.05. 

0.05 

0.2 

0.2 

0.2 

0.2 

0.01 

0.01 

O*O1 

O*O1 

0.2 

0.2 

40 

40 

0,012 

0.007 

0.754 

0.757 

0.044 

0.043 

0.071 

0.062 

0.080 

0.071 

0.024 

0,018 

0,026 

0.019 

0.052 

0.046 

0,493 

0.263 

0,554 

0.296 

0.372 

0.196 

0.418 

0.220 

0.493 

0.263 

6.96 

4.21 

6.91 

4.18 

15.8 

11.1 

15.8 

11.6 

9.48 

5.72 

O*1 

0’,1 

1.2 

3.2 

40 

40 

0.019 

0.007 

0.849 

0.851 

0.050 

0.049 

0,2 

O*2. 

1,2 

3.2 

40 

40 

0.012 

0.006 

Oe 797 

0.794 

0.008 

0.008 

0.1 

0.1 

1.2 

3.2 

40 

40 

0.012 

0.006 

0.890 

0.892 

0.008 

0.008 

0.2 

0.2 

1.2 

3.2 

0.002 

0.001 

200 

200 

0.753 

0.759 

0.047 

0.043 
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getthqi3xtogmup3atall,aneffect 

expec&dalYlethere. misdamstrates 

thatisbalancxdbytheexbnsionof 

the central place in t%is system of 

~threat:ofres~in~3anlthesuhs~roleof~sizeof~ 

fine levied for violation. 

ItispossibletosubstituteEIirrbthe expressianforthebudget, r, 

arathustoobainan 62qmssianforthebdgetintprrnsoftheuxxblyiq 

pammtem,cms~wi~therequirements(i)thatthe~onof 

violators be kept to E; ad (ii) that parties in gruup 2 have an incmtive to 

CumplF mlfmtely, the resulting ~ionisrathermssyarddcesnut 

bearanysknplerelationtothe bdget -ion for the siragle play version 

ofm.egme*witherror. plusweabtainfor* (witherror): 

irlgmup3istakentobecertain; A3=liIlinlier 
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fraction of parties in violatian is higbez 

- Eut naticethatthe ratio of the singleplay bmultiple-playbu@ets 

apl?~arstobe~oftheall~fractianinviolati~ fn 


